The standard spheroidal reference surface also referred as the reference ellipsoid is a part of mapping basic infrastructures of a country. In Cameroon, the ellipsoid Clarke 1880 with unknown parameters used for a long time as reference system in basic mapping, has lead to the use of World Geodetic System 1984 (WGS 84) whose parameters are well known. Meanwhile, the latter is not accurate locally due to the fact that the best ellipsoid is the one that fits very well with the local geoid. In order to look for the parameters of the local ellipsoid that fits best to the local geoid (Cameroon Geoid Model 2011 (CGM11)), the Global Positionning System (GPS) data made of 525 geodetic ground control points of the new geodetic network of Cameroon set up in 2011 were used. These GPS measures provide for each point the values of the ellipsoid height and the elevation which are used to determine the parameters of the local ellipsoid model for Cameroon through the least square form of the Molodensky analytical method. The results are given as the difference in ellipsoidal height relative to the parameters of the WGS84 ellipsoid assuming the two ellipsoids in their parallel. These results show that the obtained ellipsoid fits better to the local geoid with 1.072 m as the standard deviation value, is improved considerably in comparison to the previous studies conducted in Cameroon whose standard deviation was fairly equal to 1.679 m.
Introduction
The basis cartographic infrastructure is characterized by a mapping reference system made of the ellipsoid, representing the mathematical model of the earth surface. This model is determined by a set of parameters that define its shape, position and orientation in space. The reference system is determined by selecting a set of points called triangulation points in the area of interested. These points determined by the coordinate observations constitute the frame of the map. It's from these coordinates that the projection system is developed, on which all the features to be mapped are located. In Cameroon, the works of IGN France effectively started in 1939 with the Gardet triangulation on the Cameroon-Nigeria border and ended in 1976, enabled the production of 44 map cuts at scale 1:200,000 and 248 map cuts at scale 1:50,000. Since these first geodetic works, based on the obsolete basic infrastructures and several lines of leveling crossing the major roads at that period, multiple mapping systems have emerged. In fact, due to the lack of reliable cartographic infrastructure, we can say that each mapping project has raised its reference system. Most of these reference systems use the ellipsoid Clarke 1880 whose origin is poorly known, and its structure is made of astronomical points with no connection between them [1] . On the other hand, the newer systems use the WGS84 ellipsoid as reference in combination with new geodetic network of Cameroon. The WGS 84 reference ellipsoid model is calculated to represent the entire earth surface. It reflects the general shapes of the earth but does not take into account all the local topographic characteristics of each country like the case of Cameroon [2] . So far, the best ellipsoid model for a country is the one that fits very well to the local geoid [3] . The Molodensky simplified formula enables the transformation of the coordinates of a point between two different ellipsoid parameters when processing parameters are known [4] - [6] . In this case we are looking for a local ellipsoid parameters in Cameroon knowing the parameters of a global WGS84 ellipsoid and with the GPS data made of 525 points of the geodetic network of Cameroon. This problem is solved by applying the least squares method to the simplified formula Molodensky [7] .
Method
Consider an oriented ellipsoid, centered to (X, Y, Z) with the parameters (a, f). Let also a point P with the coordinates (φ, λ, h). The ellipsoidal height difference δh relative to a second ellipsoid, centered to (X + ∆X, Y + ∆Y, Z + ∆Z) with the same orientation and the parameters (a', f') is given. The Molodensky formula helps to establish a relationship between the coordinates of the point P in both ellipsoids [5] [8] . Generally, the simplified form of this formula is used for the ellipsoidal height difference which is given by the relation: In this study, we assume that the parameters of the first ellipsoid are well known and we look for the parameters of the second ellipsoid that fits best to the local geoid. For this, we measure a set of GPS points of the geodetic network evenly divided over the country. For each point Pi, the coordinates (φ i , λ i , h i ) and its elevation H 0i (the height from the geoid) are known. It is assumed that the gap between the ellipsoid whose parameters are sought and the local geoid is the lowest possible. Using the least squares method, the relationship (1) becomes:
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Equation (2) is in the form:
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Applying the partial derivatives to the coefficients of this function we have: R f h ϕ λ = − ∆ is the residue between model and measurement and also corresponds to the difference between the ellipsoid and the geoid assuming that each point of GPS measurement is reduced to the geoid level.
The uncertainties are not known for each measurement. The best estimate of the variance is given by the equation:
N − M is the number of degree of freedom model/measurement and σ 0 the standard deviation.
Data Processing, Results and Discussion
The data used in this study are the GPS coordinates of the geodetic network of Cameroon established in 2011 [9] . Its structure consists of 25 reference points, 510 base points and 20 auxiliary points observed from GPS technology. All these points (Figure 1) are determined on the WGS 84 reference system where origin is in the center of the earth mass with its parameters indicated in the Table 1 . It is important to note that the reference points constitute the primary geodetic network (first order network) and are situated at about 200 km each other. The base points make up the second order network are composed of spaced points of 20 to 30 km and the auxiliary points enable the joining all the network. Figure 1 . Structure of the New Geodetic Network Cameroon elaborated by [7] . The small pink triangles show the reference geodetic points and the small black triangles represent the base geodetic points. Data are densely distributed in the west, but there are many gaps in the central and eastern parts of the country. The geoid model (Cameroon Geoid Model 2011 (CGM11)) used in this scientific research [9] , was adjusted from the global Earth Geoid Model 2008 (EGM08; [10] ) and served as a reference surface in Cameroon. The CGM11 is more accurate than the local geoid model of Cameroon CGM05 computed by [3] .
The difference between the local ellipsoid obtained from the global WGS84 ellipsoid and the geoid is shown in Figure 2 .
It is important to note that the above map shows the gap values ranging from −1.35 to 24 m increase from south east to North West of the map. The gap values reach their peak over the west Cameroon Volcanic Line and centered at Bafoussam and Bamenda.
The processing of these data uses the Molodensky formula from which the least square method is applied as shown in the above paragraph. An equation in the form AX = B is developed where A is a 5 × 5 matrix with a number of points N = 555. The resolution of this equation enables the determination of the local ellipsoid parameters for Cameroon from the parameters of the WGS84 ellipsoid with the standard deviation of σ 0 = 1.072. The results are summarized in the Table 2 .
The above parameters aim to achieve the model residual map, which also corresponds to the difference between the ellipsoid model and the geoid shown in Figure 3 . Note that the residual gap is small and comprises between −2 m and 1.8 m. The gap values are small in the area where the geodetic control points are densely distributed like in the localities of Bafoussam, Bamenda, Bertoua and Maroua.
The recent works conducted by [1] , using the same data, have estimated the values of ∆X, ∆Y, ∆Z, with a standard deviation of 1.679 m. In that study, the semi-major and semi-minor axis a and b respectively, were assumed invariables and corresponded of the WGS84 ellipsoid. Therefore, ∆a = ∆b = 0. In this case, a and b are assuming variables in order to ensure the best fitting of the geoid to the ellipsoid model. This allows to evaluate the values of ∆X, ∆Y, ∆Z, ∆a, ∆f with a standard deviation of 1.072 m. These results improve significantly compare to those found by the previous author.
Conclusion
The parameters of the local reference ellipsoid for Cameroon were determined by the Molodensky analytical method using GPS data of the new geodetic network set in 2011. This method compares the parameters of two ellipsoids, and also determines the parameters of one ellipsoid from the known parameters of another using the least squares method. The results obtained show that the differences between the WGS84 ellipsoid parameters and the local ellipsoid are ∆x = 151.840979, ∆y = −88.1397904, ∆z = 215.810833, ∆f = 0.0000959551031387562 and ∆a = 127.982768, assuming that the ellipsoid principal axis is pair-wise parallel and of the same orientation. These are determined with a standard deviation of 1.072 m between the two ellipsoids. These results improve significantly the similar study conducted by Foyang in 2010 which only determined the ∆x, ∆y, ∆z parameters, with a standard deviation of 1.679 m, using the same method while assuming that ∆f = 0 and ∆a = 0.
